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|) 
60-GHz Technology cs ce ree 


° 60-GHz: short-range, high frequency reuse and secure 
communications 
e An oxygen absorption peak occurring in this band. 

e A global consensus on the 60-GHz band allocation was reached by 
federal agencies worldwide. 


° Several standards that target short-range 60-GHz networks have 
been released, such as WirelessHD, ECMA-387, IEEE 802.15.3c, 
IEEE 802.1 lad, and WiGig. 
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60-GHz antennas 





e Microstrip patch antennas 
e Advantages: planar structure, low cost, and ease of manufacture. 
e Disadvantage: narrow bandwidth. 


e Bandwidth enhancement techniques: L-probe feed, stacked patches, U-slot 
patch, cavity back, and aperture-coupled feed. 
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60-GHz antennas 


e Slot antennas 
e A type of conventional antenna, which is another option for the design of 60- 
GHz high-gain antennas. 


e SIW feed network 
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60-GHz antennas 


e Other antennas 
e Yagı, dipole, grıd, helix, open loop, horn, and tapered slot. 








Helical Structure 





° In this research, PCB technology is selected owing to its low cost. 
However, it is difficult to make multilayer PCB. 


e My primary challenge is to design an antenna or an array that 
possesses both a wide bandwidth and single-layer structure. 


O. Kramer, T. Djerafi, and K. Wu, “Very small footprint 60 GHz stacked yagi antenna array,” IEEE Trans. Antennas and Propag., vol. 59, no. 9, pp. 3204-3210, Sep. 2011. 
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L. Pazin and Y. Leviatan, ““A compact 60-GHz tapered slot antenna printed on LCP substrate for WPAN applications,’ ZEEE Antennas and Wireless Propag. Lett., vol. 9, pp. 272-275, 
2010. 








Concept of Complementary Antenna CN eae 


of Hong Kong 


Excite an electric dipole and a magnetic dipole simultaneously. 
e Electric dipole: figure “8” shape in the E-plane and “O” shape in the H-plane 
e Magnetic dipole: figure “O” shape in the E-plane and “8” shape in the H-plane 


By adjusting proper amplitudes and phases of the electric dipole and magnetic dipole, 
cardiac shape radiation pattern is achieved. 


e Symmetric radiation pattern in E- and H- planes 
e Low back radiation 


E-pl = fe c 


Electric dipole Magnetic dipole Complementary antenna 
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In 2006, Prof. Luk utilized a dipole/shorted 
patch antenna combination to realize a 
wideband complementary antenna, designated 
as magneto-electric (ME) dipole. 


Excellent characteristics 1n: 
eStable radiation pattern 


eStable gain 
elLow cross polarization 
elLow back radiation 


equal and symmetrical radiation patterns in 
E- and H- planes 





Co-pol 
X-pol 


8.00 





. 35—44, Jun. 2006. 


K. M. Luk and H. Wong, “A new wideband unidirectional antenna element,” Int. J. Microw. Opt. Technol., vol. 1, no. 1, 
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Linearly polarized ME dipole at 60 GHz Gir 
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Table I. Dimensions for the proposed antenna element. 
Parameter P; P» S; S> t G 


1.2 1.3 0.25 0.55 0.787 10 
Value(mm) 


0.36A 0.39% O.07A £0.16A 0.23 3X 
Parameter Fp Fy F; di dı də 


0.27 0.49 1.2 0.3 0.35 0.2 
Value(mm) 
0.08A O0.15A 0.36A 0.09A 0.1À 0.06) 


/ is one electrical wavelength in Duroid 5880 substrate referring to 60 GHz. 


CJ Duroid 5880 substrate 


(thickness = 0.787 mm ~A/4, metal 
thickness = 1/2 oz, €, = 2.2 and tano = 
0.004). 

C It consists of : 


C] four rectangular metallic patches 
(electric dipole) 


C) four sets of via holes (magnetic dipole) 
O an L-shaped probe 


e 
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e At time t = O, the current densities on the planar 
patches reach maximum, which means that the 
t= 


0 


electric dipoles are strongly excited. 


e At time t = T7/4, the electric field density on the 
radiating aperture of the vertically shorted patch 
antenna reach maximum, which means. the 
magnetic dipole are strongly excited. 


e At time t = T/2, the currents on the electric 
dipoles attain maximum strength again in a 
direction opposite to that occurred at time t = 0. 


e At time t = 31/4, the electric field on the aperture 
of the magnetic dipole attains maximum strength 
again in a direction opposite to that occurred at 
time t = T/4. 


e Consequently, the equivalent electric and 
magnetic currents are 90° in phase difference, 
nearly equal in strength, and orthogonal to each 
other. This demonstrates that the antenna 
operates as a complementary antenna. 





t = 3T/4 
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C The impedance bandwidth (SWR<2) 
is 50.5% from 41.5 to 69.5 GHz. 


Q The gain is 8 dBi with variation of 
about 1.1 dBi. 


— Measured 
- - - - Simulated 


(Iqp)uresy 


Q The radiation measurement was done 
only within this frequency band, 
because our measurement system 
only provides the operation from 50 
to 70 GHz at the moment. 
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Linearly polarized ME dipole at 60 GHz 


E-pl 


H-plane 


[J Cross-polarization is less than 
-20 dB 


[J Front-to-back ratio is larger 
than 17 dB 
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Circularly polarized ME dipole at 60 GHz EN City University 


Q The proposed antenna is developed 
based on the linearly polarized ME 
dipole antenna. 


L) It consists of : 






_ Rectangular patch with 


aak aped ap = e Rectangular patches with hook-shaped 
| strip 
e Rectangular patches with corner 
truncated 


e L-shaped probe 


Antenna fixture 
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C Impedance bandwidth (SWR<2) : 


e The simulated SWR is 58.1% from 
38.2 to 69.5 GHZ. 
e The measured SWR is 56.7% from 


E 38.5 to 69 GHz. 
- -— - Measured 0. 
Simulated 2 
2 ; 
C] Gain: 
e The simulated gain varies from 5 to 9.9 
dBic. 





e The measured gain is consistent with 
simulations over the frequency band 
from 50 to 65 GHz. 
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C13-dB axial ratio bandwidth: 


na Mad e The simulated AR bandwidth 1s 


Simulated 


41% from 45.8 to 69.4 GHZ. 


Axial Ratio (dB) 


e The measured AR bandwidth is 
lower than 3 dB and higher than the 
simulated value generally (from 50 

60 65 70 to 65 GHz). 
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Frequency (GHz) 
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60 GHz 
—— Simulated co-pol = = =- Measured co-pol 
— Simulated cross-pol - - - Measured cross-pol „ 


C The measured co-polarizations, 1.e. LHCP, are generally symmetrical. 


C The measured cross-polarizations, i.e. RHCP, are increased with frequency 
and are higher than the simulated values. 
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CPW feed network 


[J The input CPW line is connected to 
the two coupled CPW lines through 
a transition. 


[1 The transition allows signals to 
transmit from the ground-signal- 
ground (GSG) input CPW line to 
two ground-signal-signal-ground 
(GSSG) coupled CPW lines. 


COThe other end of each coupled 
CPW line is connected to two 
output CPW lines (ports 2 & 4 or 
ports 3 & 5) by using a chamfered 
T-junction. 
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Port 2 (0°) Port 3 (0°) 
a | 
Coupled coplanar 
W2 waveguide line || + — Output 
CPW line 
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300 


> O The insertion loss of each of the 


four output ports is about 7.55 dB. 
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Q The phase difference between 
ports 2 & 4 keeps 180° generally. 


S-parameter (dB) 


——S 
S, 


100 


v Noted that S21 = S31 and S41 = S51 
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Linearly polarized microstrip patch array Gy: FEADAR 
at 60 GHz 


of Hong Kong 
a [J L-probe proximity fed microstrip 
i Ba Antenna antenna element 1s composed of 


Di 






Duroid 5880 l 
substrate e a radiating patch 


¢ an L-shaped probe 

O Elements in pairs are placed 
opposite to each other and spaced 
with different distances of V, = 
2.5 mm (0.5 àp) and H, = 3 mm 
(0.6 Ap). 

C Four identical 2 < 2 sub-arrays 
are connected together by using 
the proposed CPW feed network 
of larger size. 


[i Duroid 5880 substrate with a 
thickness of 0.381 mm was used. 


Excit 
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[]The impedance bandwidth is 
25.5% from 51.6 to 66.3 GHz. 


[()The 3-dB gain bandwidth is 
21.8% from 53.8 to 67 GHz. 


[J The measured gain up to 16.7 dBi 
is about 0.62 dBi lower than the 
simulated gain. 
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C Over the whole operation band, the 
radiation pattern exhibits 
Y cross-polarization levels of less than - 
. oh 25 dB in the E-plane and less than -18 

= | dB in the H-plane 

i FNA v FBR of larger than 28 dB. 

[J A higher radiation side lobe level is 
caused by the unequal element 
excitation distribution. 
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Circularly polarized microstrip patch array (4: DEWAR 


at 60 GHz 





Duroid 5 880 
substrate “ag ae 






Metallic 
screw (M1) 











Anritsu W1-103F 


i connector 


7 ‘ Port 5 
i) 225° 
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HSA | -45° 




















[J] The L-probe microstrip antenna 
element is modified by truncating 
the opposite corners of the 
rectangular radiating patch. 


CL) To broaden the AR bandwidth, the 
sequentially rotation technique is 
used for building the sub-array 
with 2 X 2 elements 
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Circularly polarized microstrip patch array C S58 ni x 
at 60 GHz Hong Kong 


of Hong Kong 


[]The impedance bandwidth is 
17.8% from 55.2 to 66 GHz. 


[()The 3-dB gain bandwidth is 
15.6% from 56 to 65.5 GHz. 


(gpu 


CI The measured gain up to 16 dBic 
is about 0.77 dBi lower than the 


simulated gain. 
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at 60 GHz 


* [The measured AR bandwidth (AR 


< 3.2 dB) 1s 15.6% from 56 to 
65.5 GHz. 


Measured 
- -— - Simulated 


Axial Ratio (dB) 


, AThe measured AR bandwidth is 
wider but the measured in-band 


value is larger than the simulated 
value. 
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Circularly polarized microstrip patch array Ga 
at 60 GHz 
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[i Because the AR beamwidth is 
: : narrow, this CP antenna array is 
aie more suitable for point-to-point 
' T applications. 





[J Since the back side of the antenna 
is not covered by a metallic sheet, 
the back lobe is quite significant, 
about -15 dB. 
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ME dipole array at 60 GHz 
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connector 
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screw 
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Table II. Dimensions for the proposed millimeter-wave antenna array. 


Parameter Gi G2 A d t L H V 
Value(mm) 17.2 16 3.4 0.52 0.787 5.71 4 4.3 
Parameter Fw Fi Sı S2 Pi P2 T1 T2 
Value(mm) 0.4 1.2 0.5 0.5 1.05 on 1.1 0.9 
Parameter Wi W2 W3 Ci C2 g 

Value(mm) 0.6 0.4 0.08 0.23 0.5 0.05 


LIThe proposed ME dipole antenna 
array 1S also excited by the CPW 
feed network 


LIA V-band connector (Southwest 
Microwave: 1S92-04A-6) IS 
mounted and connected to the CPW 
feed network through a transition 
which includes a tapered CPW line 
and a segment of channelized 
coplanar waveguide (CCPW). 
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[jJElement spacing: 
¢ V=4.3 mm (0.85 Aj) 
* H =4 mm (0.8 %4) 


[JSince this network has a 
coplanar structure, operating 
properly regardless of the 
substrate thickness, it enables the 
antenna array built on a single- 
layer Duroid 5880 substrate with 
a large thickness of 0.787 mm. 
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[]The impedance bandwidth 
(SWR < 2) 1s 54.5% from 
40.2 to 70 GHz. 


[J The 3-dB gain bandwidth is 
37.1% from 45.6 to 66.4 
GHz. 





[]The maximum gain is 18.1 


40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 dBi 
Frequency (GHz) l. 
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ME dipole array at 60 GHz 
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C Cross-polarization level is less than -20 dB. 


C Front-to-back ratio is larger than 20 dB. 


CO Simulated radiation efficiency is 76% at 60 
GHz. 


[J Aperture efficiency is 61.4% at 60 GHz. 
(according to the size of the antenna aperture, 
Le. G; x G, x H= 17.2 mm x 16 mm x 0.787 
mm) 








LN: 


Comparison between microstrip patch array C DOTAS 
and ME dipole array 


of Hong Kong 
C Differences: 


v The proposed ME dipole array provides wider impedance and 3-dB 
gain bandwidths and higher gain, compared with the microstrip 
antenna array. 


v Nevertheless, the ME dipole array with a complex structure requires 
more plated via holes. 


O Similarities: 
v The operation frequency ranges of two designs both cover the 57—64 
GHz unlicensed spectrum. 
v The two designs are very low cost in mass production because the two 
arrays can be fabricated by using a double sided single-layer PCB 
technology. 
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CIf we design a 60-GHz antenna array fed by a microstrip line 
feed network, the PCB substrate must be properly chosen: 
v minimizing the loss of the feeding network 
v assuring the validity of using microstrip line at millimeter 
wave. 
v too thin substrate ===» large conductor loss 
v too thick substrate ===> large radiation loss 
CIDuroid 5880 substrate is chosen (thickness = 0.254 mm ~0.05%). 
CHence, we need an antenna which is wideband and low-profile 
at the same time. 
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a LI A trapezoidal microstrip 
MSL-CPW Tiatfition > patch antenna (narrow 
a D bandwidth) 


C A printed reflector-backed 
one-wavelength bowtie 
antenna (moderate bandwidth) 


> upper dipole arm is a microstrip 
Batam line fed trapezoidal patch antenna 
ERI Layer > lower dipole arm is another 
trapezoidal patch antenna excited 


by a MSL to CPW transition 








CJ A loop-loaded reflector- 


backed bowtie antenna (wide 
bandwidth) 


> The two 1A loops, working as the 
conventional double-quad antenna, 
are parallel with the bowtie 
antenna 
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ifs —<— Teapentiiel peach eatin [J] The 1% resonance at around 52 


\— Bowtie antenna GHz is caused by the upper 
-—e— Loop-loaded bowtie antenna d i p ol e arm 


CO The 224 resonance at around 56 
GHz is caused by the lower 
dipole arm. 


[The 3™ resonance at around 63 
GHz is caused by the loaded 
loops. 





[]The proposed antenna element 
has a wide impedance bandwidth. 
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[JThe radiation pattern of the 
proposed loop-loaded dipole 
antenna at 60 GHz. 

e Maximum gain is about 10 dBi 

[The separation in one arm of 
the dipole to make space for 
the MSL to CPW transition 

T S causes: 

—e— co-pol (H-plane) 


—— x-pol (E-plane) e Asymmetrical in the E-plane 


—<— x-pol (H-plane) 


-30 


-40 





-30 


-20 





¢ High cross-polarization level in the 
H-plane 





Antenna array design 
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Antenna fixture 
Antenna fixture 


à/2 1À 
line line (~0.8A 9) 


Adjacent 
elements 









Duroid5880 


= a element = K 


Antenna fixture 
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[J The 4-element array adopts the parallel feed 
method. This method cannot mitigate the 
radiation loss from the asymmetrical 
geometry caused by the MSL to CPW 
transition in one dipole arm. 


[1 The 14-element and 50-element arrays 
adopt the symmetrical hybrid series/parallel 
feed method. 

v The method has smaller frequency sensitivity 
of the radiation pattern than a purely series 
feed method and therefore achieves a wider 
gain bandwidth. 

v The method reduces insertion loss, compared 
with the purely parallel feed method. 
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Frequency (GHz) 
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[)The measured impedance 
bandwidths of the 4-element, 
14-element and  50-element 
arrays (SWR < 2) are 24.2% > 
24% and > 16.7%, respectively, 
which all cover 57—64 GHz 
band. 
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Antenna array design E neu 
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[)The measured 3-dB gain 
bandwidths of the 4-element, 
14-element and  50-element 
arrays are 20.9%, 18.9% and 
12.5, respectively. 


Gain(dBi) 


[]The measured maximum gains 
L 1 + 2 + 1 - for the three arrays are 15.5 dBi, 
Frequency (GHz) 20.1 dBi and 25.2 dBi. 
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[J The radiation patterns are from the 
50-element antenna array. 
e Cross-polarization level is less than - 
30 dB, 
¢ Front-to-back ratio is larger than 31 
dB 


The antenna and aperture 
efficiencies are 63.7% and 72.5%, 
respectively. 
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C Firstly, microwave ME dipole antennas were designed 
by using complementary antenna concept. 


CC] Based on the antennas in microwave bands, several 60- 
GHz antennas and arrays were developed. 
v Wide in bandwidth, all cover the 57-64 GHz band 
v High in gain, antenna arrays are designed 
vV Low in cost, all are fabricated on a single-layer PCB 
[J My future work may includes: 
Y To design 60-GHz dual-polarized antennas and arrays. 
v To achieve a higher gain by designing a larger array. 


v To modify the loop-loaded electric dipole antenna with circular 
polarization. 
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Thank you! 
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Back-up slides: Dual-fed circularly polarized 
ME dipole antenna EN 


100 ohm 
resistor 
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vias 





: Feeding 
— point 





— Screws 














power shifter 
divider 
[J The feeding circuitry comprises: 
A 3 dB Wilkinson power divider 
A broadband 90° phase shifter 
C The feeding circuitry feeds the two orthogonal probes with the same 
amplitude and 90° phase difference. 


C The substrate is Duroid 5870 with ¢=2.33 and thickness=0.79mm. 





Back-up slides: Dual-fed circularly pofar 
ME dipole antenna 





Measured 
- - - - Simulated 
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Frequency (GHz) 


Simulated and Measured SWRs and Gains 
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[J Impedance bandwidth is 
89.7% from 1.23-3.23 
GHz with SWR < 2. 


[JGain increases with 
frequency and varies in 
the range of 4 to 10dBic 
from 1.4 — 3.23 GHz. 
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gf e The antenna efficiency is 
Zos about 90%. And the losses 
ay, comes from feeding network 
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5 -=_= Simulated... o substrate loss, return loss and 

0.2 metal loss. 
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The measured 3dB axial ratio 
band is 81% from 1.28 to 3.05 
GHz. 


—a— Measured FBR 


The front-to-back ratio 1s 
generally higher than 20dB 
from 1.5GHz. 


= E- Simulated FBR 
—e— Measured Axial-ratio 
= ®= Simulated Axial-ratio 


Front-to-back Ratio (dB) 
(Pp) onei-[exy 
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1.9GHZ- 2.9GHz- 


e The measured radiation patterns are symmetrical and exhibit good 
unidirectional radiation characteristic. 


e At low frequencies, radiation patterns have large back lobes of about 15dB. 


e The cross-polarization, are increased with frequency across the operation 
band, which is consistent with that the axial ratio is lager at high frequencies. 
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Back-up slides: Single-fed circt 
ME dipole antenna 


Metallic plate with 


L-shaped probe ia daa strip 













Metallic 5S2- 


etallic plate W iy 
corner truncated 







Shorted 
microstrip patch 










Metallic 
post 










U-shaped metallic 
Planar reflector post 






Planar 
reflector 





SS Portion added 


a Portion truncated 


C The antenna consists of: 
e Apair of rectangular patches with parasitic strips 
e A parr of rectangular patches truncated corner 
¢ U-shaped post 
e a L-shaped probe feed 
e arectangular ground plane 
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s O Impedance Bandwidth 

e 73.3% from 1.32 to 2.85GHz 
with SWR<2 
46.6% from 1.68 to 2.7 GHz 
with SWR<1.5 
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(gpu 
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C] Gain varies in the range of 
“5 to 8.6 dBic. 
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C The measured 3dB axial ratio 
band is 1.06 GHz from 1.69 
GHz to 2.75 GHz 1.e. 47.7%, 
which is generally covered 
by the SWR<I1.5 operation 
band. 
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ME dipole antenna 


H-plane (you plane) \-plane (xoz plane) 





C The measured right-hand — circular 
polarized (RHCP) components in H- and 
V-plane patterns, 1.e. the col-polarization, 
are symmetrical and exhibit good 
unidirectional radiation characteristic. 


O) The left-hand circular polarized (LHCP) 
components in both planes, 1.e. the cross- 
polarization, are increased with 
frequency across the operation band. 
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Back-up slides: Linearly polarized ME dipole a 
GHz 


eThe antenna on a small ground plane 
with nearly the same size as the planar 
electric dipoles (3.15 mm x 3.15 mm) 
still achieves a large FBR of over 11 dB. 


eThe antenna placed on a 5 mm x 5 mm 
ground radiates identical E- and H-plane 
radiation patterns with low cross- 
polarization and back radiation levels. 























eThe antenna placed on a 10 mm x 10 mm 
antenna fixture with four metallic screws 
has ripples appearing in the radiation 
pattern at 60 GHz. And the cross 
polarization and back radiation levels are 
increased, compared with the other two 
scenarios. This is due to the addition of 
the fields at the edges of the substrate, 
contributed by the surface wave, with 
the direct radiation from the antenna 
element. 





























—O— co-pol(E-plane) + cr-pol(E-plane) 
—@  co-pol(H-plane) X- cr-pol(H-plane) 


